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Abstract

The present study aimed to design, develop, and evaluate Nimesulide-loaded nanosponges
incorporated into fast dissolving tablets to enhance solubility and dissolution rate.
Nimesulide, a BCS Class II non-steroidal anti-inflammatory drug, suffers from poor aqueous
solubility leading to limited dissolution and bioavailability. To overcome this limitation,
nanosponges were prepared by the emulsion solvent diffusion method using ethyl cellulose
and polyvinyl alcohol. The optimized formulation exhibited a particle size of 180 * 5.2 nm,
PDI of 0.21, and zeta potential of -28.6 + 1.4 mV, indicating uniformity and stability. SEM
analysis confirmed a porous, sponge-like structure suitable for drug entrapment.

The optimized nanosponges were further compressed into fast dissolving tablets using
direct compression with suitable excipients. Pre-compression studies indicated good flow
properties, while post-compression evaluation showed acceptable weight variation, friability
(0.48%), hardness (3.8 + 0.4 kg/cm?), and high drug content (98.6 + 1.2%). The tablets
exhibited rapid wetting and dispersion times, confirming fast disintegration characteristics.
In vitro dissolution studies demonstrated enhanced drug release, with 98% release achieved
within 45 minutes.

The results indicate that nanosponge-based fast dissolving tablets significantly improve the
solubility, dissolution rate, and potential bioavailability of Nimesulide. This approach
provides an effective and patient-friendly strategy for delivering poorly water-soluble drugs
with improved therapeutic performance.

Keywords: Nimesulide, Nanosponges, Fast Dissolving Tablets, Solubility Enhancement,
Dissolution Rate, BCS Class II Drug.
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INTRODUCTION

Poor aqueous solubility remains one of the major
challenges in the development of oral drug delivery
systems!. A significant proportion of newly discovered
drugs exhibit low water solubility, which leads to poor
reduced bioavailability,
therapeutic response. Enhancing the solubility and
dissolution rate of such drugs is therefore a critical
ensure

dissolution,

objective in pharmaceutics to
therapeutic efficacy?.

ISSN: 2250-1177

Nimesulide is a non-steroidal anti-inflammatory drug
(NSAID) widely used for its analgesic and antipyretic
properties. However, it belongs to the Biopharmaceutics
Classification System (BCS) Class II category,
characterized by low solubility and high permeability.
and variable Due to its poor aqueous solubility, Nimesulide exhibits a
slow dissolution rate, which can limit its onset of action
and overall bioavailability when administered through

optimal
P conventional dosage forms3.
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To overcome these limitations, various formulation
strategies explored, including solid
dispersions, micronization, and inclusion complexes*.
Among these, nanotechnology-based drug delivery
systems have gained significant attention due to their
ability to enhance solubility and dissolution by reducing
particle size and increasing surface areaS. Nanosponges
are a novel class of nanoparticulate carriers composed
of porous, sponge-like structures that can encapsulate
poorly soluble drugs and improve their physicochemical
properties®.

have been

Nanosponges offer several advantages, such as high
drug loading capacity, controlled release, enhanced
stability, and improved solubility of hydrophobic drugs?.
Their porous structure allows efficient drug entrapment
and gradual release, making them suitable for oral drug
delivery applications®. Additionally, nanosponges can
protect the drug from degradation and improve its
therapeutic performance?®.

Fast Dissolving Tablets (FDTs) have emerged as an
innovative oral dosage form designed to disintegrate
rapidly in the mouth without the need for water10.
These formulations are particularly beneficial for
pediatric, geriatric, and dysphagic patients, offering
improved patient compliance and convenience!l. FDTs
also provide rapid onset of action due to faster
disintegration and dissolution in the oral cavity!2.

The combination of nanosponges with fast dissolving
tablet technology represents a promising approach to
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drug-loaded nanosponges into FDTs can significantly
enhance drug release, improve bioavailability, and
ensure rapid therapeutic action.

Therefore, the present study aims to design, develop,
and evaluate Nimesulide-loaded nanosponges and
further compress them into fast dissolving tablets to
enhance solubility, dissolution rate, and overall drug
performance. This approach is expected to provide an
effective and patient-friendly dosage form with
improved pharmacokinetic and therapeutic outcomes.

MATERIALS

The materials required for this study are Nimesulide,
ethyl cellulose and, polyvinyl alcohol (stabilizer),
dichloromethane, mannitol, microcrystalline cellulose,
crospovidone, magnesium stearate, and talc, along with
distilled water and phosphate buffer solutions for
evaluation studies.

Preparation of Nanosponges

Nanosponges were prepared by the emulsion solvent
diffusion method. Nimesulide and ethyl cellulose were
dissolved in a mixture of dichloromethane and ethanol
to form the organic phase. This was added dropwise
into an aqueous solution of polyvinyl alcohol (PVA)
under continuous high-speed stirring. Stirring was
continued until complete solvent evaporation and
formation of nanosponges occurred!?. The formed
nanosponges were then collected by filtration, washed
with distilled water, and dried to obtain a free-flowing

address the solubility and dissolution limitations of powder.
poorly soluble drugs like Nimesulide. Incorporating
Table 1: Formulation Table of Nimesulide Nanosponges
Formulation Code Nimesulide (mg) Ethyl Cellulose (mg) PVA (% w/v) Dichloromethane (mL)
F1 100 100 0.5 30
F2 100 150 0.5 30
F3 100 200 0.5 30
F4 100 250 0.5 30
F5 100 300 0.5 30
Formulation of Nimesulide Loaded Nanosponge (MCQC), and crospovidone were used as diluent, binder,
Tablets and superdisintegrant respectively. Magnesium stearate
. . . and talc were added as lubricant and glidant. The
Nimesulide-loaded nanosponges were formulated into : : :
: : : X powders were mixed uniformly and compressed into
fast dissolving tablets by direct compression. The . . .
o . tablets using a tablet compression machine!4.
optimized nanosponge formulation was used as the
active component. Mannitol, microcrystalline cellulose
ISSN: 2250-1177 [12] CODEN (USA): JDDTAO
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Table 2: Formulation Table of Nimesulide Loaded Nanosponge Fast Dissolving Tablets

Formulation Nanosponge Mannitol MCC Crospovidone Magnesium Stearate Talc
Code (mg) (mg) (mg) (mg) (mg) (mg)

T1 100 80 30 10 2 2

T2 100 70 40 10 2 2

T3 100 60 50 10 2 2

T4 100 50 60 10 2 2

T5 100 40 70 10 2 2

Calibration Curve of Nimesulide

The calibration curve of Nimesulide was prepared using
the UV-Visible spectrophotometric method at Amax 308
nm in phosphate buffer pH 6.8. A standard stock
solution was prepared and further diluted to obtain
different concentrations. The absorbance of each
solution was measured at 308 nm, and a calibration
curve was plotted between concentration and
absorbance. The curve showed linearity over the
selected range and was used for quantitative analysis of
Nimesulide in formulation studies?>.

Particle Size Analysis and Zeta Potential

The particle size and zeta potential of Nimesulide-
loaded nanosponges were determined using a dynamic
light scattering (DLS) technique. The nanosponge
dispersion was suitably diluted with distilled water and
analyzed at room temperature. The average particle size
and polydispersity index (PDI) were recorded to assess
the size distribution and uniformity of the formulation.
The zeta potential was measured to evaluate the surface
charge and stability of the nanosponges. A higher
absolute zeta potential value indicated good stability
due to electrostatic repulsion between particles,
preventing aggregation?6.

SEM analysis

The morphology of the nanosponges was examined
using Scanning Electron Microscopy (SEM). A small
amount of dried sample was mounted on a carbon tape
attached to an aluminum stub and sputter-coated with a
thin layer of gold to ensure conductivity. The coated
sample was then observed under SEM at suitable
magnifications to evaluate particle shape, surface
characteristics, and porosity. The micrographs obtained
were used to assess the morphological features and
uniformity of the formulation?”.

Pre-Compression Parameters18
Bulk density (mg/mL):

Bulk density was determined by measuring the mass of
powder and dividing it by the untapped volume
occupied in a measuring cylinder.

Tapped density (mg/mL):
Tapped density was determined by mechanically

tapping the cylinder containing powder until no further
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volume change was observed, and dividing mass by
tapped volume.

Compressibility Index (%):

Carr’s compressibility index was calculated from bulk
and tapped density values to assess flow properties of
the powder blend.

Hausner’s ratio:

Hausner’s ratio was calculated as the ratio of tapped
density to bulk density to evaluate powder flow
behavior.

Angle of repose:

Angle of repose was determined by allowing the powder
to flow through a funnel and measuring the angle
formed with the horizontal plane, indicating flow
properties of the blend.

Post-Compression Parameters??
Weight variation (mg/tablet):

Weight variation was determined by individually
weighing 20 tablets and calculating the average weight
and deviation.

Friability (%):

Friability was evaluated using a friabilator and
expressed as percentage weight loss after 100 rotations.

Hardness (kg/cm?):

Tablet hardness was measured using a Monsanto
hardness tester and expressed in kg/cm?.

Drug content (mg):

Drug content was determined uv

spectrophotometric method at Amax 308 nm.

by

Wetting time (s):

Wetting time was recorded as the time required for
complete wetting of the tablet surface in buffer medium.

Dissolution Test2°

The in vitro dissolution study of Nimesulide-loaded
nanosponges fast dissolving tablets was carried out
using USP Type II (paddle method) dissolution
apparatus. The study was performed in 900 mL of
phosphate buffer pH 6.8 maintained at 37 + 0.5°C with a
paddle speed of 50 rpm. At predetermined time

CODEN (USA): JDDTAO
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intervals, samples were withdrawn and replaced with
fresh dissolution medium to maintain sink conditions.
The collected samples were analyzed
spectrophotometrically at Amax 308 nm, and the
cumulative percentage drug release was calculated.

RESULTS AND DISCUSSION
Calibration Curve of Nimesulide

The calibration curve of Nimesulide was found to be
linear at Amax 308 nm in phosphate buffer pH 6.8. The
drug showed good linearity over the selected
concentration range, indicating compliance with Beer-
Lambert’s law.

Table 3: Calibration Data of Nimesulide

Concentration (png/mL) Absorbance
2 0.122
4 0.241
6 0.362
8 0.482
10 0.601
0.7 y = 0.061x - 0.0061
2
06 R?=10.9998
o 0.5
|}
S 04
2
203
QO
< 0.2
0.1
0
0 2 4 6 8 10 12

Concentration (ug/ml)

Figure 1: Graphical Presentation of Nimesulide
Physical Appearance of Tablets

The prepared tablets were white in color, round to
slightly flat in shape, and uniform in size. They exhibited
a smooth surface with no visible cracks, chipping, or
deformation, indicating good compressional integrity.
Overall, the tablets showed consistent appearance and
acceptable physical uniformity.

ISSN: 2250-1177 [14]
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Figure 2: Physical Appearance of Nimesulide

Particle Size Analysis

The prepared nanosponges exhibited an average
particle size of 180 + 5.2 nm and PDI of 0.21, indicating
a uniform nanoscale distribution. Most of the particles
were found within the range of approximately 174.8 to
185.2 nm, reflecting a narrow size distribution and good
homogeneity of the formulation. Such a particle size is
considered optimal for nanosponge-based drug delivery
systems, as it enhances surface area, leading to
improved drug solubility, dissolution rate, and
ultimately better bioavailability.

357

30
25
: 204
= 10 -

5

S o P
Name | Mean |
Z-Average (nm) 180.52
Polydispersity Index (PI) 021
Intercept 081
Fit Error 0.003922
In Range (%) 82.86

Figure 3: Particle Size Analysis of Nimesulide
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Zeta Potential Analysis

The zeta potential of the formulation was found to be -
28.6 + 1.4 mV, indicating that the particles possess a
negative surface charge. This value is close to the ideal
range (30 mV) required for stable colloidal systems,
suggesting good electrostatic repulsion between
particles. As a result, the formulation is expected to
exhibit minimal aggregation and good physical stability
over time. The low standard deviation further confirms
the consistency of the surface charge among particles,
indicating a stable nanosponge formulation.

Name Mean
Zeta Potential (mV) -28.6
Zeta Peak 1 Mean (mV) -35.49
Zeta Peak 2 Mean (mV) -4.628

Conductivity (mS/cm) 4603
Wall Zeta Potential (mV) -11.62

3e+05
2.5e+05
2e+05 -
1.5e+05

Te+05

Total Counts (kcps

S5e+04

0 1 I I 1
-200 -100 0 100 200

Zeta Potential (mV)

Figure 4: Zeta Potential Analysis of Nimesulide

SEM analysis

SEM  analysis showed that Nimesulide-loaded
nanosponges possessed a porous, sponge-like structure
with irregular to spherical morphology. The surface was
rough with well-defined pores, confirming successful
nanosponge formation and drug entrapment within the
polymer matrix.

ISSN: 2250-1177 [15]
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Figure 5: SEM analysis of Nimesulide

Pre-Compression Parameters

The pre-compression evaluation of the powder blend
showed satisfactory flow characteristics suitable for
tablet compression. The bulk density (0.42 g/mL) and
tapped density (0.51 g/mL) indicate moderate packing
ability of the powder particles. The compressibility
index was found to be 17.65%, suggesting good to fair
flow properties. Hausner’s ratio (1.21) further confirms
acceptable flow behavior with minimal interparticle
friction. The angle of repose (28.4°) indicates good
flowability of the powder blend, which is essential for
uniform die filling and consistent tablet weight during
compression.

Table 4: Flow Properties of Powder Blend

Parameter Result
Bulk density (g/mL) 0.42
Tapped density (g/mL) 0.51
Compressibility Index (%) 17.65
Hausner’s ratio 1.21
Angle of repose (°) 28.4

CODEN (USA): JDDTAO
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Post-Compression Parameters

The prepared tablets exhibited acceptable physical and
mechanical properties. The average weight variation
was 152 * 2.5 mg, indicating uniformity in tablet mass.
Friability was 0.48%, which is within the acceptable
limit (<1%), confirming adequate mechanical strength.
The hardness of the tablets was 3.8 + 0.4 kg/cmz,
suggesting sufficient integrity while maintaining fast
disintegration characteristics. Drug content was 98.6 *
1.2%, indicating uniform distribution of the drug within
the formulation. The wetting time (18 * 2 s) and
dispersion time (22 * 3 s) were low, confirming rapid
tablet wetting and disintegration, which is desirable for
fast dissolving tablets.

Table 5: Evaluation of Tablets

Parameter Result
Weight variation (mg) 152+25
Friability (%) 0.48
Hardness (kg/cm?) 3.8+0.4
Drug content (mg) 98.6+1.2
Wetting time (s) 18+2
Dispersion time (s) 223

In-vitro Drug Release (Dissolution Study)

The in-vitro dissolution profile demonstrated a rapid
and sustained release pattern of the drug from the
formulation. At 5 minutes, 28% drug release was
observed, which increased to 45% at 10 minutes and
63% at 15 minutes. A significant release of 78% and
92% was observed at 20 and 30 minutes, respectively.
Complete drug release (98%) was achieved within 45
minutes, indicating excellent dissolution behavior. The
results suggest that the formulation effectively enhances
drug release, which may improve bioavailability and
onset of therapeutic action.

Table 6: In-vitro Drug Release

Time (min) % Drug Release
5 28
10 45
15 63
20 78
30 92
45 98

ISSN: 2250-1177 [16]
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Figure 6: In-vitro Drug Release of Nimesulide

CONCLUSION

The study successfully developed Nimesulide-loaded
nanosponges and incorporated them into fast dissolving
tablets to enhance solubility and dissolution. The
nanosponges showed nanosized particles (180 + 5.2
nm), good stability (-28.6 * 1.4 mV), and porous
morphology, confirming efficient drug entrapment. The
formulated tablets exhibited acceptable flow, uniform
weight, low friability, adequate hardness, high drug
content, and rapid disintegration.

In vitro studies showed rapid and complete drug release

(98% within 45 min), indicating a significant
improvement in dissolution rate. Overall, the
nanosponge-based fast dissolving tablet system

effectively enhanced the solubility, dissolution, and
potential bioavailability of Nimesulide, making it a

promising

approach for improving therapeutic

performance of poorly soluble drugs.
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